INTRODUCTION
High water levels within the floodplain belong to natural phenomena 3 . It is of great importance to introduce adequate anti-flood protection policy on the flood hazard areas. Methods of anti-flood protection used in Poland so far have been limited to technical activities 4 . These methods are not effective and lead to changes in the biodiversity on the given area through decreasing the number of species of plants and animals which lived there previously 5 . Currently there has been a change in the approach to flood plain protection. The implementation of the Floods Directive (2007) at the end of 2013 resulted in development of maps of flood hazard and flood risk. Due to them everyone can check if the given area may be affected by floods. An important issue is leaving some "place" for the flood in all the places where the hazard to people and the economy is low. In the case of considerable urbanization, industralization and farming of riverside areas, there are restrictions concerning the possibilities of widening the trough and the valley 6 . This is conditioned by the specificity of the protected area. There are distinct differences in the course of flooding in valleys of big rivers (i.e. the Vistula River or the Oder) and small ones. The reason for huge damage caused by floods is, to a large extent, the state of buildings and land development of river valleys 7 . In flood hazard zones there are more and more public utility facilities, such as schools, museums, theatres, services, including filling stations as well as facilities which may generate secondary threats: landfill sites, water purification plants etc. On these areas there are also buildings which may cause a rise of water and consequently wider backwaters (ill-designed bridges, artificial valley narrowing). All this, combined with the conviction that technical devices are dependable, results in huge losses 8 . A surge in built-up areas on flood hazard zones tends to lead to increased extent and frequency of floods 9 . The main aim of this work is to assess flood risk on flood hazard areas in the selected communes of the Łódź province. The analysis comprises 21 communes 10 which are located within the Łódź province in the catchment areas of three main rivers: the Warta, Pilica and Bzura and characterized by a high and very high flood risk indicator 11 . It is considered that the flood hazard zone is an area to the level of 100-year water. In water management it is assumed that "the main flood hazard zone is the zone described on the basis of the annual peak flow characterized by the probability of exceeding p=1%" 12 .
T 
THE ISSUE OF LAND DEVELOPMENT AND FLOOD RISK
Spatial development is the condition of space, including land, buildings, technical, social and economic infrastructure facilities as well as the environment, resulting from all kinds of activities aimed at a man-made durable change in physical properties of land introduced in order to satisfy people's needs in a direct or indirect way 13 . The current state of spatial development is examined on the basis of analysis of land use 14 . The term "use" is understood by Liszewski 15 as "[…]using something, benefiting from something in a rational way which brings possibly greatest advantage". Consequently, almost every human activity is reflected in the land and "[…] performs a clearly defined and diverse function function" 16 . River valleys are separate nature systems characterized by specific forms of geological structure, relief, water relations, climate as well as fauna and flora. These are precisely the features of the environment that condition and shape forms of human activity. The type of valley development has a strong impact on their natural values as well as anti-flood protection. On the areas where there is no urbanization the degree of nature conversion is directly related to the system of land use types. The highest degree of conversion is connected with cultivation areas, a lower one is related to grassland whereas the lowest one is typical of forest areas. All these factors lead to the growing fragmentation of river and valley environment. From the point of view of anti-flood protection the greatest emphasis is placed on the analysis of the degree of investment of these areas and identification of highest hazard spots, which is of key importance for their proper protection 17 . The development of flood hazard areas is also related to the notion of flood risk which is normally defined as the product of hazard (physical and statistical flood aspects), exposure (who and what is threatened with flood) and sensitivity (susceptibility of development elements to the hazard and ability to counteract and eliminate the consequences of the catastrophe) 18 . Interaction of these three elements gives rise to the socalled "risk triangle"
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The character, type and value of the existing land development on the flood hazard areas determine the level of losses which may occur in the form of damage or destruction of facilities resulting from flooding 20 . The total risk comprises the expected death toll, the injured, material loss and disruptions to economic activity in connection with the natural phenomenon. 21 To put it in the simplest possible way, this is the probability of a flood event and consequences connected with it. They may be desirable or not 22 . These definitions were adopted in the Floods Directive where the notion of flood risk is understood as "the combination of the probability of a flood event and of the potential adverse consequences for human health, the environment, cultural heritage and economic activity associated with a flood event"
23 .
FLOOD RISK ASSESSMENT IN THE LIGHT OF LITERATURE
Damages due to floods are a consequence of the conflict between nature and using land by man. The type and scope of damage is constantly changing together with the development of the society 24 . There are different types of damage connected with the life of people and animals, vegetation, economic losses. All these elements add up to potential maximum damages 25 . Such damages may be divided into direct and indirect ones. The direct ones comprise these damages which occur as a result of direct influence of water on people, property or the environment whilst indirect damages include, for example, disruptions to traffic, losses resulting from limiting production due to the damaged infrastructure. The two types of damages tend to be classified in a more detailed manner as tangible property and intangible property depending if they can be assessed in money or not. The biggest part of literature concerning loss assessment refers to direct measurable losses 26 their share in total damages is inconsiderable 27 . The main idea behind flood loss assessment is the notion of the function of damage and the function of losses. The majority of functions of losses coincide in the fact that the direct financial loss is connected with the kind and or use of the building and the depth of flooding 28 . The most frequent damage functions for buildings are elaborated on the basis of the data collected after floods 29 . Data on anticipated losses may be also assessed by owners of facilities or specialists on the basis of field surveys. In that case analysis comprises statistical data on individual value of separate investment types in order to elaborate curves of individual losses for different categories of facilities. Generally speaking, however, in all these methods there is a tendency to condition the value of losses on the depth of flooding 30 . The result for most functions of losses is the absolute financial loss for the building, some approaches ensure relative damage functions and in this case the loss is expressed as a percentage loss of the value of the building 31 . When these functions are defined for assessing loss due to the given flood scenario, the property value must be given in advance 32 . Flood damage depend on a number of factors, such as: flow speed, flood duration, contamination, water levels, information (flood warnings) etc. 33 . These aspects, however, are rarely taken into account in flood loss models, most frequently only the depth of flooding is considered 34 . Ignoring social or economic system susceptibility indicators i.e. the risk awareness or the degree of preparation for a flood event results in greater losses, which is confirmed by German research according to which preparing the ground floor of a single-family house for being flooded reduces the losses by 5-30%. The range of reduction, nonetheless, depends on the depth of water 35 . It must be stressed that the main task in the process of assessing flood risk is to get to know in detail what the investment conditions on flood hazard areas is 36 . In Poland the problem of development of flood hazard areas and assessment of losses due to flooding is dealt with by the National Water Management Authority (Polish: KZGW), the Institute of Meteorology and Water Management (Polish: IMGW), the Head Office of Land Surveying and Cartography (Polish: GUGiK), the Crisis Management Centre (Polish: RCB) and the National Institute of Telecommunications. There is a project entitled "IT System of the Country's Protection against extreme hazards," which resulted in preliminary assessment of flood risk, flood hazard maps and flood risk maps. Flood hazard maps and flood risk maps were published at the end of 2013, yet guidelines providing for them were established already in the Regulation of the Minister of the Environment, the Minister of Transport, Construction and Marine Economy, the Minister of Administration and Digitalization and the Minister of Internal Affairs as of 21 December 2012 on elaboration of flood hazard maps and flood risk maps. These documents had to be elaborated in accordance with the provisions of the Floods Directive 37 . The main aim of this document is to reduce the flood risk and minimize the consequences of floods, adequate management of the risk which may be posed by floods for human health, the environment, economic activity and cultural heritage as well as preparation of citizens to deal with a flood event 38 . This is the only document which clearly refers to flood risk assessment in Poland. It lacked, however, differentiation of flood risks within the flood hazard areas.
INDEPENDENT RESEARCH METHODOLOGY
In the absence of a single effective methodology of flood risk assessment, the author has proposed its own methodology for determining its level. On the basis of analysis of current development of flood hazard areas in the selected communes of the Łódź province, facilities and areas generating flood risk were identified. Due to their considerable differentiation within the limits of 100-year water four categories were distinguished:
• social facilities in which there might be a large number of people on a permanent or temporary basis,
• cultural heritage sites and natural value areas, • facilities potentially representing a hazard to the environment and people, • areas generating economic losses.
Categories of flood risk
The group of social facilities includes: 21 December 2012 on elaboration of flood hazard maps and flood risk maps in order to specify potential property loss on flood hazard areas, the following land use areas should be distinguished: housing estates, economic activity areas, transportation areas, forests, recreation sites, agricultural land, waters, the remaining areas for which flood losses are not determined.
Flood risk assessment on areas of particular flood hazard is a task of great importance as it makes is it possible to conduct activities connected with anti-flood protection in a rational way 42 . It refers to assessment of the extent of damage of all categories for individual flood scenarios in the spatial system, and its effectiveness is largely dependent on topographic data available 43 . In all distinguished categories the author made assessment of flood risk from the minimum level (1) 44 . Subsequently a map was created which included a synthetic assessment of flood risk levels on the researched areas.
In the group of social facilities, cultural heritage and areas of natural value as well as facilities potentially representing a hazard for the environment and people, the area which they occupy in every hexagon was taken into consideration while assessing the flood risk level 45 . The hexagon area (0.5 ha) was divided into 5 equal classes (every 0.1 ha): the larger the surface within the hexagon occupied by buildings or facilities of the given risk category, the higher its level. If facilities or areas occupied the area of up to 1,000m 2 in the hexagon (yet no more than 0), they received minimal risk level (1), from1,001to 2,000m 2 -very low risk level (2), form 2,001 to 3,000m 2 -medium risk level (3), from 3,001to 4,000m 2 -high risk level (4), >4,000m 2 -very high risk level (5). Assessment of economic losses was made analyzing 7 selected areas of land use in every hexagon. The value of individual losses for residential areas, economic activity areas and transportation areas is closely related to the depth of water, and consequently to the extent of property value loss (table 1). The potential value of economic losses was determined for the depth of water in the range of 0.5-2 m. It is only when three elements are taken together: land use, depth of water and property value (which for residential and economic activity areas varies according to the province) that potential losses counted in money can be assessed (table  2) . 44 The areas exposed to floods in all the researched communes were divided in the Geospatial Modelling Environment programme into hexagons of the surface of 0.5 ha. The hexagon size was adjusted in such a way so as to fit as many full figures within the boundaries of the analyzed area as possible. 45 Assessment of flood risk levels were made under the assumption that the depth of flooding ranges from 0.5 to 2m. This resulted from the specificity of floods on the area of the Łódź province. Consequently, in three categories of problem areas it was decided to take into account the surface of the facilities attributed to every selected group. In the case of buildings flooding within the analyzed range of water depth will take place only to the level of the first storey. Consequently, the analysis does not consider the number of storeys. The method of assessing property proposed in the Regulation was based on the methodology used in Germany 46 . It must be remembered, however, that due to fluctuations in prices these data must be updated so as to preserve comparability of the amount of damage and loss 47 . While assessing the risk connected with potential economic losses the area occupied by selected land use classes was calculated in every hexagon. Then the property value was estimated for each of them and summed up within the base field (hexagon). The maximum risk level was assumed to be the value of losses for economic activity areas. The maximum value of losses in the hexagon was 1,658. 4 thousand PLN. Five equal ranges of property value were established (every 331.68 thousand PLN) and for every of them the level of risk was established ranging from minimal to very big, receiving a picture of flood risk levels according to economic loss.
In order to differentiate communes according to flood risk levels the share of hexagons in the given extent of risk was analyzed for 100-year water in every distinguished category. Only hexagons of the surface exceeding 0.4 ha were taken into account since only within their boundaries it was possible to receive the highest flood risk level. These hexagons whose surface was smaller were removed from the analysis. Subsequently a ranking of communes was elaborated in every category of flood risk according to the pattern:
Ri U P where: P -risk level in the given category, U -share of hexagons of the given category of flood risk in the area of 100-year water of the given commune, Ri-go -extent of risk in the given category of flood risk, 5 -number of risk levels 48 .
As a result of these calculations values for all communes were obtained in every distinguished category and they were ranked in descending order in accordance with the obtained values and on this basis a ranking of communes was elaborated according to the flood risk. Finally, synthetic flood risk level was analyzed on the floodplain. In this classification the position of the given commune according to the flood risk level was taken into consideration in every distinguished category. The position of the commune indicated the number of points where the fewer the points, the higher total risk level.
RESEARCH RESULTS
In the group of facilities where people may stay on a temporary or permanent basis the highest flood risk may be found in Kutno, Radomsko, Tomaszów Mazowiecki (town) and Łowicz. These facilities are dispersed on the floodplain and they comprise mainly singlefamily residential buildings. In Łowicz within the limits of 100-year water there are also multi-family residential buildings (a housing estate). The group in question also comprises a district hospital (the commune of Gidle), schools (the commune and town of Tomaszów Mazowiecki, Radomsko), kindergarten (Łowicz), hotels (Uniejów, Rozprza, the town of Sieradz, Inowłódz), the Health Institute (Uniejów). People are more willing to invest on the areas of smaller basins, in towns and in places where fill terraces are wide.
Facilities posing the highest potential hazard for the environment and people in the event of flooding generate the highest risk in Tomaszów Mazowiecki (town), Łowicz oraz Kutno. In Tomaszów Mazowiecki (town) and Łowicz the biggest potential adverse consequences for the environment and people are related to the sewage purification plant which should be located outside the area of particular flood hazard and be equipped with individual security devices. These facilities were built in a place where the valley floor is wide.
As a result of an analysis of flood risk levels conducted on the basis potential property losses, Tomaszów Mazowiecki (town) was first on the list followed by Kutno, Łowicz and Działoszyn. This is mainly due to the degree of horizontal intensity of development. In Tomaszów Mazowiecki approximately 14% of flood hazard areas is developed mainly with technical and production facilities, and the biggest potential losses may occur in the event of flooding in the area situated on the Czarna and the Piasecznica rivers. In Kutno the indicator of horizontal intensity of development for flood hazard areas was 7.5%, which is an example illustrating that smaller rivers give greater sense of security. People are more willing to build in their valleys, which may lead to tragic consequences as floods in smaller valleys are more dynamic and it is more difficult to safeguard against them.
In the group of natural value areas and cultural heritage sites the highest risk levels can be found in Uniejów, Warta and Żytno communes (these are areas of Natura 2000). This is connected with, above all, the existence of natural value areas. Within their boundaries there are cubic and linear buildings as well as changes to land use. This phenomenon is very disadvantageous from the point of view of nature, there is still a lack of social acceptance for protection of areas of great natural beauty 49 and as a result there is a risk that in the event of flooding these areas will lose their value. This is why they are taken into account in the assessment of flood risk (assuming the worst-case scenario as the influence of high water levels on these areas is definitely beneficial). This category also comprises cultural heritage facilities i.e. the ethnographic park, Castle Hill (the town of Sieradz), the open-air ethnographic museum of the Pilica river (the town of Tomaszów Mazowiecki), the castle of Uniejów, the milling cottage (Uniejów), the old synagogue (Inowłódz). The highest synthetic flood risk level can be found in Łowicz and Tomaszów Mazowiecki (town). On the Łowicz area the valley bottom of the Bzura river is very wide, especially in the western and eastern part where there are buildings (the central section of the river within the town administrative boundaries was embanked). The conflict of development is also marked on the area of the land slide of the levee (remaining beyond the scope of the analysis). Tomaszów Mazowiecki is the town where smaller rivers flow into the Pilica river, which is why the valley bottom reaches there considerable sizes of about 1.7 km, 50 thus fostering localization of buildings. Smaller rivers, especially the Czarna and Piasecznica rivers as well as the location below the Sulejowski reservoir, creates a sense of security among its users. All this leads to intensification of land development on this area and an increase in potential adverse consequences in the event of flooding. Due to sealing of the surface (through land development) infiltration of water to the soil is limited, increasing at the same time the outflow capacity 51 .
CONCLUSIONS
Analysis of flood risk levels is of great importance and it enables to conduct a suitable anti-flood protection policy. To achieve this it is invaluable to know both the synthetic assessment of flood risk level and its diversification within the flood hazard area. Due to this it is possible to determine which places are particularly susceptible to adverse consequences. Unfortunately, this element is missing on flood risk maps which were elaborated as part of the Floods Directive. The methodology proposed by the author of this article bridges this gap, yet analyses conducted using it refer only to areas of 100-year water in selected communities, which is in accordance with the provisions of law in force yet it does not meet the natural determinants of wide valley bottoms in Central Poland. But there is still no one single effective method of marking the flood risk level. It is of great importance in the process of analyzing flood consequences to pay attention not only
